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TTTLE OF THE INVENTION 

SENDING RADIO STATION, RECEIVING RADIO STATION/ 
WOttO COMMUNICATION SYSTEM, AND RADIO 

COMMUNICATION METHOD 
Rackoroun H of the Invention 
Field of the in vention 

tOOOl] The present invention relates to a 

sending radio station, a receiving radio station, 
a radio communication system, and a radio 

•! ti a radio communication 
communication method in a 

svs tem (for example, the radio communication 
system which executes OFDM (Orthogonal Frequency 
Division Multiplexing) transmission or OFCDM 
(Orthogonal Frequency Code Division Multiplexing) 
transmission) with a hierarchical cell structure 
(S c-called cell-in-cell structure) for executing 
data transmission using orthogonal carrier 
frequency bands. 
Related Backgro und Art 

E0002] m FIG . 1. there is shown a radio 

sending system using one or more sending radio 
stations which control a certain range of area 90, 
and a sending radio station forming a small scale 
cel l 80 which can receive signal from the one or 
more sending radio stations and has smaller 
Equivalent Isotropically Radiated Power (EIRP) as 
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compared with the one or more sending radio 
stations. in addition, in the description of this 
specification, one or more sending radio stations 
controlling the certain range 90 will be referred 
to as a "large cell sending radio station" and the 
sending radio station having small EIKP as 
compared with the large cell sending radio station 
and forming the small scale cell 80 will be 
referred to as a -small cell sending radio 
station". Moreover, as shown in FIG. 1, it is 
assumed that the large cell sending radio station 
U ses a frequency band fl, and the small cell 
sending radio station uses a frequency band f 2 . 
[00 03] m FIG . 2, a functional blocK 

configuration of a conventional sending radio 
station 1 having small EIRP and a conventional 
receiving radio station H is shown. As shown in 
this FIG. 2, in the receiving radio station 11, in 
order to receive data sent from each sending base 
station in the receiving radio station 11, it was 
necessary that after the data having been 
separated by a filter 12 which passes only the 
frequency band fl and stops the frequency band f2, 
and a filter 13 which passes only the frequency 
band f2 and stops the frequency band fl, 
respectively, a desired frequency band is selected 
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out of the separated frequency bands by a switcher 
14 sad inputted to a receiving section 15. This 
is because the signal of the frequency band not 
supposed to be received will cause no 
deterioration of the reception quality due to 
interference, at the time of the demodulation. 
(00041 on the other hand, techniques involving 

. method of symbol synchronisation have been 
proposed in the prior art, and. for example, a 
technique involving the method of symbol 
synchronization in the relay station of the 
oroadcast field has been disclosed in ..panes. 

. ^ Q Hoi sei 7-283806. 
patent laid-open gazette, Heisei 

StJjgjARY ™ *™ INVENTION 

[0005] However, the radio comraunicat ions 

r elated to mobile communications has peculiar 

lacking in the communications of other 
features/ lacKing a" 

fields, in that receiving radio stations, such as 
mobile terminals, move across various cells or 
areas. For this reason, it is necessary to carry 
out hand-over, which switches over the sending 

«-v,»t- is to be an opposite 
radio station that is 

communication party of the receiving radio station. 
« the time "of this hand-over, in the receiving 
„dio station 11 of F!G. 2, it was necessary to 
demodulate the receiving signal after a switch 
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having taken place from the preceding 
frequency band to the desired frequency band at 
the switcher 14, so that it was difficult to 
achieve a smooth hand-over from the frequency band 

f2 or from the frequency 
fl to the frequency band rt or 

band f2 to the frequency band f 1 . 

[0 006] The present invention has been made in 

order to solve the above-mentioned problem, and 
tne object of the invention is to provide a 
sending radio station, a receiving radio station, 
a radio communication system, and a radio 

Q+ -v.r,rf whereby a smooth hand-over 
communications method, wnereoy 

can be achieved. 

[000 7] in order to achieve the above mentioned 

object, a sending radio station according to the 
present invention, is the sending radio station to 
arrange the symbol to be sent in the frequency 
axis and send signals to a radio terminal inside 
the area using one or a plurality of carrier 

in a radio communication system 
frequency bands, i« a iQ 

with a hierarchical cell structure, wherein the 
sending radio station includes- a signal detection 
M ans for detecting at least one carrier frequency 
hand signal being pertaining to a transmission 

t-Yiat of its own station; a 
system other than that ox 

^r rt ni7ation detection means for 
symbol synchronization ^ 
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detecting sending-symbol synchronization based on 
at least one received signal on detecting the 
carrier frequency band signal pertaining to the 
transmission system other than that of its own 
5 station; and a signal sending means for sending 

the signal to be sent, at the symbol sending 
timing derived based on the detected symbol 
synchronization. In addition, the above mentioned 
transmission system includes various transmission 
l0 systems such as frequency band division and spread 

code division. A symbol refers to the sending 
data after having been modulated, and includes, 
for example, control information for 

synchronization and the like in addition to the 
15 actual data. The above mentioned carrier 

frequency band means a carrier frequency or a 
subcarrier frequency, and the sending radio 
station according to the present invention can 
send data over only one carrier frequency. 
20 Moreover, the above mentioned radio terminal means 

all the terminals located in the area, which can 
carry out radio communication, and is a concept 
that includes a receiving radio station (for 
example, a mobile station), and a sending radio 
2B station besides the station of its own. Moreover, 

detecting carrier frequency band signal" means 
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both of the case wherein the sending radio station 
detects the carrier frequency band signal by 
itself, and the case wherein the sending radio 
station detects the carrier frequency band signal 
by receiving a synchronization request signal from 
the receiving radio station. 

(0008] in the above mentioned sending radio 

station, when the signal detection means detects 
at least one carrier frequency band signal being 
pertaining to a transmission system other than 
that of its own station, the symbol 
synchronization detection means will detect theJ 
sending symbol synchronization based on at least 
one received signal, and the signal sending means 
will send the signal to be sent, at the symbol 
sending timing derived based on the detected 
symbol synchronization. Accordingly, the signal 
sending means can send the signal at the optimum 
(namely, causing no interference with each other) 
symbol sending timing by the correlation between 
at least one carrier frequency band signal of the 
transmission system other than that of the station 
of its own and the signal of the station of its 
own. Accordingly, since signals of a plurality of 
carrier frequency bands can be simultaneously 
received and demodulated by the receiving radio 
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station, there will be no need to carry out a 
"frequency switch over process" like in the prior 
art at the time of hand-over, thereby a smooth 
hand-over can be achieved. 

[0009] Moreover, the following effects are 

also obtained incidentally. Since the guard band 
can be set small or can be unnecessary, the 
frequency can be effectively utilized. Moreover, 
since signals from a plurality of sending radio 
stations can be simultaneously received, multi- 
link transmission can be carried out. Moreover, 
new sending radio stations can be freely arranged 
without much taking into consideration the 
influence of interference on other existing 
sending radio stations forming the small cell. 
Furthermore, since the components for receiving of 
the receiving radio station which receives a 
plurality of frequency bands, can be shared, the 
reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved- 
-.[0010] m addition, the signal detection means 

can detect there have been received a carrier 
frequency band signal having small Equivalent 
isotropically Radiated Power (EIRP) as compared 
with the signal of the station of its own. 
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[0011] The above mentioned sending radio 

station can further include the following 
configuration requirements. Namely, the sending 
radio station according to the present invention 
furthermore includes a frequency interval 
detection means for detecting a frequency interval 
based on the received signal from a radio terminal, 
and a frequency set up means for setting up the 
sending carrier frequency based on the detected 
frequency interval so as to acquire an orthogonal 
relationship with respect to the sending carrier, 
in addition, the above mentioned "radio terminal" 
means, for example, other sending radio stations 
which send carrier frequency band signal having 
larger Equivalent Isotropically Radiated Power 
(EIRP) than the signal of the sending radio 
station according to the present invention, and is 
a concept that includes every terminal (for example, 
mobile stations and etc.) located in the area that 
can carry out radio communication. 

[0012] Moreover, the sending radio station 

according to the present invention furthermore 
includes a reception quality measurement means for 
measuring reception quality based on the received 
signal from the radio terminal, and a spread 
coefficient set up means for setting up a spread 
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coefficient based on the reception quality 
obtained by the measurement. I. addition, the 
ab ove mentioned "radio terminal" also means, for 
example, other sending radio stations which send 
carrier frequency band signal having larger 
Bquivalent Isotropically Radiated rower (>I») 
than the signal of the sending radio station 
according to the present invention, and 
concept that includes all the terminals (for 
example, mobile stations and etc., located in the 
area that can carry out radio communication. 
(001 „ The receiving radio station. Which 

communicates with the above mentioned sanding 
radio station, can be described as follows. 
Namely, according to the invention there r, 
provided the receiving radio station in a radro 
communication system with a hierarchical cell 
atructure, for receiving signals from , sending 
radio station which arranges the symbol to be sent 
in the frequency axis and sends the signals to a 
radio terminal inside the are. by using one or a 
plurality of carrier frequency bands, wherein the 

4 has a simultaneous 

receiving radio station has 

«.«' „ control means for simultaneously 
reception conttyj- 

receiving the signals of a plurality of carrier 
t requency bands and demodulating the signals. As 
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described above, by simultaneously receiving and 
modulating the signals of a plurality of carrier 
f re guency band signals by the receiving radio 
station, there will be no need to carry out the 
-frequency switch over process" like in the prior 
art at the time of hand-over, thereby a smooth 

hand-over can be achieved. 

4_v,„ -Following effects are 
[0014] Moreover, the toxxowmy 

also obtained incidentally. Since the guard band 
can be set small or can be unnecessary, the 

effectively utilized. Moreover, 
frequency can be etrective* * 

since signals from • plurality o£ sending radio 
stations can be simultaneousiy received, multr- 
iin* transmission can be carried out. Moreover. 
n .» sending radio stations can be freely arranged 
without much taking into consideration tbe 
influence of Interference on other existing 
sending radio stations forming the small cell. 
Furthermore, since the components for receiving of 
the receiving radio station which receives a 
piurality of freguency bands, can be shared, the 
reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved. 

•if is the characteristic 
[0015] Moreover, it is 

f t-** receiving radio station according 
feature of the receiviuy 



10 



to the invention furthermore that the receiving 
radio station includes a registration means, 
wherein when the station of its own moves into a 
small scale cell in the hierarchical cell 
structure, the registration means will register an 
information to a data transfer device in the radio 
communication system, the information indicating 
that the station of its own is ready for receiving 
signal from the sending radio station of a large 
scale cell controlling the area, and ready for 
receiving signal from the sending radio station of 
the small scale cell. 

[0016] Moreover, in the receiving radio 

station according to the invention, it is the 
characteristic feature that a simultaneous 
reception control means selects the signals of at 
least one carrier frequency band of a different 
transmission system, and demodulates the signals. 
[0017] The radio communication system 

comprised of the above-mentioned sending radio 
station and receiving radio station can be 
described as follows. Namely, there is provided a 
radio communication system according to the 
invention is the radio communication system with a 
hierarchical cell structure being comprised of a 
sending radio station which arranges the symbol to 
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be sent on the frequency axis and sends the signal 
to a radio terminal inside the area by using one 
or a plurality of carrier frequency bands, and a 
receiving radio station which receives the signal 
from the sending radio station. It is the 
characteristic feature of the sending radio 
station that the sending radio station includes a 
signal detection means for detecting at least one 
carrier frequency band signal of a transmission 
system other than that of the station of its own; 
a symbol synchronization detection means for 
detecting sending symbol synchronization based on 
at least one received signal when having detected 
the carrier frequency band signal of the different 
transmission system; and a signal sending means 
for sending the signal to be sent, at the symbol 
sending timing derived based on the detected 
symbol synchronization; and the receiving radio 
station has a simultaneous reception control means 
for simultaneously receiving the signals of a 
plurality of carrier frequency bands and 
demodulating the signals. 

[0018] in the above mentioned sending radio 

station, when the signal detection means detects 
at least one carrier frequency band signal of a 
transmission system other than that of the station 
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of its own, the symbol synchronization detection 
means will detect the sending symbol 
synchronization based on at least one received 
signal, and the signal sending means will send the 
signal to be sent, at the symbol sending timing 
derived based on the detected symbol 
synchronization. In the receiving radio station, 
the simultaneous reception control means can 
simultaneously receive signals of a plurality of 
carrier frequency bands and demodulate the signals. 
Accordingly, the sending radio station can send 
signals at the optimum (namely, causing no 
interference to each other, symbol sending timing 
b y the correlation between at least one carrier 
frequency band signal of the transmission system 
other than that of the station of its own and the 
signal of the station of its own. Therefore, 
since in the receiving radio station, the signals 
of a plurality of carrier frequency bands can be 
simultaneously received and demodulated, there 
will be no heed to carry out the -frequency switch 
over process" like in the prior art at the time of 
ha nd-over, thereby a smooth hand-over can be 
achieved. 

t 0019] Moreover, the following effects are 

also obtained incidentally. Since the guard band 



13 



can be set small or can be unnecessary, the 
frequency can be effectively utilized. Moreover, 
since signals from a plurality of sending radio 
stations can be simultaneously received, multi- 
link transmission can be carried out. Moreover, 
new sending radio stations can be freely arranged 
without much taking into consideration the 
influence of interferences on other existing 
sending radio stations forming the small cell. 
Furthermore, since the components for receiving of 
the receiving radio station which receive a 
plurality of frequency bands, can be shared, the 
reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved. 

[0020] The above mentioned receiving radio 

station can further include the following 
configuration requirements. Namely, in the radio 
communication system according to the invention, 
the receiving radio station furthermore includes a 
registration means wherein, when the station of 
its own moves into a small scale cell in the 
hierarchical cell structure, the registration 
means will register the information to a data 
transfer device (for example, a router and the 
like in the location registration management 
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server which realizes the location registration of 
a receiving radio station in the network), the 
information indicating that the station of its own 
is ready for receiving the signal from the sending 
radio station of a large scale cell controlling 
the area, and ready for receiving the signal from 
the sending radio station of the small scale cell, 
and the data transfer device will select the 
sending radio station which sends the data, 
according to the classification of data to be sent 
to the receiving radio station. 

[0 021] Namely, when the station of its own 

moV es into a small scale cell in the hierarchical 
cell structure, the registration means will 
register an information to a data transfer system 
in the radio communication system, the information 
indicating that the station of its own is ready 
for receiving signal from the ..sending radio 
station of a large scale cell controlling the area, 
and ready for receiving signal from the sending 
radio station of the small scale cell; and the 
aata transfer device will select the sending radio 
station which sends the data, according to the 
classification of the data to be sent to the 
receiving radio station. Thereby, proper data 
transmission control according to the 
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classification of the data can be achieved, such 
tha t multicasting information is sent from the 
lar ,e ceil sending radio station and individual 
information of high data rate such as image data 
i5 sent from the small cell sending radio station, 
to the receiving radio station. 

(0022, in addition, regarding the symbol 

synchronization, the following embodiments can be 
adopted. Namely, a radio communication system 
according tb the invention is comprised of a 
plurality Of sending radio stations where the 
carrier frequency bands to be used are different, 
, n o a symbol synchronization reference source that 
sends the reference signal of the symbol 
synchronization. The plurality of sending radio 
stations synchronously sends the symbol of the 
signal which each sending radio station should 
send, at the symbol sending timing based on the 
reference signal fro- the symbol synchronization 
reference source. 

radio communication 

[0023] Moreover, the 

^. t-he present invention is 

system according to ttie pre 

comprised of a plurality of sending radio stations 
nsing different carrier frequency bands, wherern 
the plurality of sending radio stations linz each 
ether via a cable or radio, and each sending radio 
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station synchronously sends symbols of the signals 
to be sent. At this time, it is desirable that 
the plurality of sending radio stations link each 
other to set up so that the sending carrier 
frequency of the signal, by which each sending 
radio station should send, will be orthogonal to 
each other. 

[0024] A radio communication system according 

to the present invention is the radio 
communication system with a hierarchical cell 
structure, comprised of a sending radio station 
which arranges the symbol to be sent on the 
frequency axis and sends signals to a radio 
terminal inside the area by using one or a 
plurality of carrier frequency bands, and a 
receiving radio station which, receives the signal 
from the sending radio station; wherein the 
receiving radio station includes a synchronization 
request means for requesting the symbol 
synchronization to the sending radio station, and 
a simultaneous reception control means for 
simultaneously receiving the signals of a 
plurality of carrier frequency bands and 
demodulating the signals, and the sending radio 
station includes a symbol synchronization 
detection means for detecting the sending symbol 
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ynchronization based on at least one received 
signal when a request of the symbol 
synchronization is received from the receiving 
radio station and a signal sending means for 
sending the signal to be sent, at the symbol 
sending timing derived based on the detected 
symbol synchronization. 

[0025] in this radio communication system, 

when the synchronization request means of the 
receiving radio station requests symbol 
synchronization to the sending radio station, the 
symbol synchronization detection means will detect 
the symbol synchronization based on at least one 
received signal, and the signal sending means will 
send the signal to be sent, at the symbol sending 
timing derived based on the detected symbol 
synchronization in the sending radio station. In 
the receiving radio station, the simultaneous 
reception control means can simultaneously receive 
the signals of a plurality of carrier frequency 
bands and demodulate the signals. Accordingly, 
the sending radio station can send signal at the 
optimum (namely, causing no interference to each 
other) symbol sending timing by the correlation 
between at least one carrier frequency band signal 
>f the transmission system other than that of the 
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station of its own and the signal of the station 
of its own. Therefore, in the receiving radio 
station, since signals of a plurality of carrier 
frequency bands can be simultaneously received and 
demodulated, there will be no need to carry out 
the "frequency switch over process" like in the 
prior art at the time of hand-over, thereby a 
smooth hand-over can be achieved. 

[0026] Moreover, the following effects , are 

also obtained incidentally. Since the guard band 
can be set small or can be unnecessary, the 
frequency can be effectively utilized. Moreover, 
since signals from a plurality of sending radio 
stations can be simultaneously received, multi- 
link transmission can be carried out. Moreover, 
new sending radio stations can be freely arranged 
without much taking into consideration the 
influence of interference of other existing 
sending radio stations forming the small cell. 
Furthermore, since the components for receiving of 
the receiving radio station which receive a 
plurality of frequency bands, can be shared, the 
reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved. 

[0027] This invention can be described as an 
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i a f 6 d to a method of radio 
invention related to 

..follows. A radio communication 
communications as follows. 

B ethod according to the Present invention is a 
radio communication method applicable in a sending 
r adio station to arrange symbols to be sent in the 
frM ue n =» axis and send signais to the radio 
terminal inside the area using one or a plurality 
frequency bands. in the radio 



of carrier 

with a hierarchical cell 
communication system with 

structure, wherein the radio communication method 
includes: a signal detection step wherein the 
ending radio station detects at least one carrier 

i „f a transmission system 
frequency band signal of a trans 

oth er than that of its own station; a symbol 
synchronization detection step wherein the sending 

riptects the sending symbol 
radio station detects 

sy „chroni ration based on at least one received 
signal, on detecting the carrier frequency band 
■ signal pertaining to the transmission system other 
t han that of its own station; a signal sending 
steP wherein the sending radio station sends 

^ = «>«f at the symbol sending timing 
signals to be sent, at tne y 

the detected symbol 
derived based on the 

synchronization. 

™ r a radio communication method 
[0028] Moreover, a raao. 

^- ' fo the present invention is a radio 
according to tne P iC 
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communicat ion method applicable in a receiving 
radio station to receive signals from a sending 
radio station for arranging symbols to be sent in 
the frequency axis and sending signals to the 
radio terminal inside the area using one or a 
plurality of carrier frequency bands, in the radio 
communication system with a hierarchical cell 
structure, wherein the radio communication method - 
includes: a registration step for registering an 
information to a data transfer device in the radio 
communication system, the information indicating 
that when the receiving radio station of its own 
moves into a small scale cell in the hierarchical 
cell structure, the station of its own is ready 
for receiving the signals from the sending radio 
station of a large scale cell controlling the area 
and ready for receiving the signals from the 
sending radio station of the small scale cell; and 
a simultaneous reception control step for 
simultaneously receiving the signals of the 
plurality of carrier frequency bands and 
demodulating the signals. 

[0029] Moreover, a radio communication method 

according to the present invention is a radio 
communication method in a radio communication 
system with a hierarchical cell structure 



21 



:om 

LO 



comprised of a sending radio station to arrange 
symbols to be sent in the frequency axis and send 
signals to a radio terminal inside the area using 
one or a plurality of carrier frequency bands, and 
a receiving radio station to receive signals fr 
the sending radio station, wherein the radi 
communication method includes: a synchronization 
request step wherein the receiving radio station 
requests the symbol synchronization to the sending 
radio station; a symbol synchronization detection 
step wherein the sending radio station detects the 
sending symbol synchronization based on at least 
one received signal, when the sending radio 
station receives a request of the symbol 
synchronization from the receiving radio station; 
and a signal sending step wherein the sending 
radio station sends signals to be sent, at the 
symbol sending timing derived based on the 
detected symbol synchronization. 

[0030] This invention can be also described as 

the invention related to a radio communications 
program as follows. A radio communication program 
according to the present invention is a radio 
communication program causing a computer to 
execute, the computer being provided in a sending 
radio station to arrange the symbol to be sent in 
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the frequency axis and send signals to the radio 
terminal inside the area by using one or a 
plurality of carrier frequency bands, in the radio 
communication system with a hierarchical cell 
structure; wherein the radio communications 
program includes: a signal detection step wherein 
the sending radio station detects at least one 
carrier frequency band signal of a transmission 
System other than that of its own station; a 
symbol synchronization detection step wherein the 
sending radio station detects the sending symbol 
synchronization based on at least one received 
signal, on detecting the carrier frequency band 
signal pertaining to the transmission system other 
than that of its , own station; a signal sending 
step wherein the sending radio station sends 
signals to be sent, at the symbol sending timing 
derived based on the detected symbol 
synchronization. 

[0031] Moreover, a radio communication program 

according to the present invention is a radio 
communication program causing a computer to 
execute, the computer being provided in a 
receiving radio station to receive signals from a 
sending radio station for arranging the symbol to 
be sent in the frequency axis and sending signals 
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to the radio terminal inside the area using one or 
a plurality of carrier frequency bands, in the 
radio communication system with a hierarchical 
cell structure; wherein the radio communications 
program includes: a registration step for 
registering ah information to a data transfer 
device in the radio communication system, the 
information indicating that when the receiving 
radio station of its own moves into a small scale 
celi in the hierarchical cell structure, the 
station of its own is ready for receiving the 
signals from the sending radio station of a large 
scale cell controlling the area and ready for 
receiving the signals from the sending radio 
station of the small scale cell; and a 
simultaneous reception step for simultaneously 
receiving the signals of the plurality of carrier 
frequency bands and demodulating the. signals. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG, 1 is a view for describing a radio 

communication system comprising one or more of 
sending radio stations controlling a certain range 
of area, sending radio stations having small EIRP, 
and a receiving radio station. 

[0033] FIG. 2 is a view showing the functional 

block configuration of a sending radio station 
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11 EIRP and a receiving radio station in 
having small EIRP ana 

the prior art. 

FIG 3 is a view showing the functional 
rn034l FIG- * i& a 

. tio n of a sending radio station 
hloC lc configuration or 

« EI RP and a receiving radio station 
having small EIRf 

according to the first embodiment. 

FIG 4 is a view showing the timing 

100351 ' of the receiving symbol from a 

relationship of tne 

relatio . a certain range 

. . _ ,^ a tion controlling * 
sending radio station tadio • 

of area, and the sending of a sending 

station having small EIRP. 

100361 ' , t , tion ,nd the spectrum 

lar ,e ceil sending radio station 

fro „ , am.ll ceii sending radio Station after 

» • — ^ " dl ° of the functional 

f0037] FIG . 6 is a view o 

1 a sending radio station and 

block configuration of a sending 

Diocit v-v. 3 second 
a receiving radio station according to 

e „ b „diment. ^ vieu foe ascribing 

rr ion registration .en ^ into the ceii of 
3 small ceii sending radio station having small 

' „ a 8 is an example of. the 
(0039 , FIG. 8 

configuration that realizes 

synchronisation detecting section. 



26 



[0 040, FIG . SA is a functional bloc, dia„ra» 

showin, the configuration related to the 

•of OFDM signal in a small cell 
transmission of otum » y 

sending radio station. 

[00411 FIG . 9B is a functional bloc* diagram 

mowing the configuration related to the 
transmission of OFCDM signal in a small cell 

sending radio station. 

FIG 10A is a functional block diagram 
[0042] Fl-fa. 

.. rt _ related to the reception 
showing the configuration related 

of OFDM signal- in a receiving radio station. 
[0043] FIG . 10B is a functional block diagram 

showing the configuration related to the reception 
of' OFCDM signal in a receiving radio station. 
[0044] FIG . 11 is - flow Chart showing an 

of t he processing of * radio 
example of crifc: * ■ 

• ^ onS program in a sending radio station, 
communications progj-«« 

i o is a flow chart showing an 
[0045] FIG. 12 is a flo 

of the processing of a radio 
example of tne * 

at. a receiving radio 

communications program 
station. 

FIG 13 is an explanatory view of an 
[0046] FIG. 

example for frequency setting. 

, Tr 14A is a view showing the copy of 
[0047] FIG. 

the part of OFDM signal. 

[0048] FIG . 14B is a view showing the vector 
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when the multiplying timings are identical to each 

"ools] FIG . 14C is a view showing the vector 

when the multiplying timings are not identical to 
each other. 

10050] FIG . ISA is a view showing the vector 

when the multiplying timings are identical to each 
other and the frequency of the local oscillator is 
identical to the frequency of every sub-carrier 
signal of the OFDM signal. 

[0051] FIG . 15B is a view showing the vector 

when the multiplying timings are identical to each 
other and the frequency of the local oscillator is 
not identical to the frequency of every sub- 
carrier signal of the OFDM signal. 
DESCRIPTIO N ™ THE PREFERRED E MBODIMENTS 
t 0052] ^ Hereinafter, various kinds of 

embodiments according to the present invention . 
will be described with reference to drawings. 
[0053] [First embodiment] 

The first embodiment of the invention will 
be described using a view of the functional block 
configuration of a small cell sending radio 
station 101 and a receiving radio station 111 i» 
FIG. 3, and a view showing the timing relationship 
of the receiving symbol from a large cell sending 



27 



radio station and the sending symbol of a small 
cell sending radio station in FIG. 4. Moreover, a 
description will be made according to a case where 
the large cell sending radio station is using a 
frequency band fl and the small cell sending radio 
station is using a frequency band f 2 . In addition, 
a "carrier frequency band" according to the 
present invention means a carrier frequency or a 
subcarrier frequency, and the sending radio 
station can send data by only one carrier. 
[0054] In the small cell sending radio station 

101, a symbol synchronization detection section 
105 detects the symbol timing of the data which 
the large cell sending radio station sends, by 
receiving signals of the frequency band fl or a 
part of the frequency band fl at the time of 
turning on the power supply or periodically or 
continuously. A specific method of the detection 
can be realized by using a generic method to be 
practiced by a receiving radio station receiving 
OFDM signal. The above mentioned symbol 

synchronization detection section 105 corresponds 
to the signal receiving detection means and the 
symbol synchronization detection means according 
to the present invention. 

10055] For example, as shown in FIG. 8, the 
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symbol synchronization detection section 105 can 
be comprised of, a delay device 301 which effects 
a delay by a length of one symbol DFT interval for 
each of the inputted signals of a plurality of 
6 different transmission systems, a correlator 302 

which carries out the correlation between the 
guard interval length (GI) using a delayed signal 
and a non-delayed signal, a maximum correlation 
value detector 303 for detecting the timing when 

10 the correlation value becomes the maximum value, 

and a timing derivation section 304 which derives 
the optimum {causing no interference) timing based 
on the correlation between each of the signals 
pertaining to a plurality of different 

15 transmission systems. In this symbol 

synchronization section 105, detection can be 
performed as follows- The timing when the 

correlation value becomes the maximum value is 
detected by carrying out the correlation between 

20 the guard interval length (GI) using the signal 

delayed by a length of one symbol DFT interval and 
non-delayed signal, and then the optimum (causing 
no interference) timing based on the correlation 
between each of the signals pertaining to a 

25 plurality of different transmission systems, is 

derived. Moreover, since the power and the phase 
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of the signal from the large cell sending radio 
station are generally considered to be fluctuating 
in time under the influence of phasing and the 
like, the accuracy of the symbol synchronization 
can be improved by averaging the detected timings 
when the correlation value becomes the maximum 
value. 

[0056] Then, the symbol synchronization 

detection section 105 outputs the detected timing 
to a sending section 102. The sending section 102 
modulates the data inputted from a data input 
terminal 4, to OFDM transmission signal, and sends 
the modulated signal by synchronizing with the 
timing inputted from the symbol synchronization 
detection section 105. As shown in FIG. 4, the 
synchronization of the timing is carried out such 
that no symbol boundary of the signals from the 
large cell sending radio station exists within one 
symbol of DFT interval of the signal sent by the 
small cell sending radio station. Therefore, the 
amount of the allowable out-of -synchronization is 
the guard interval length (GI). Moreover, at the 
timing of the synchronization, the delay occurring 
in a path from an antenna 3A to the symbol 
synchronization detection section 105 is taken 
into account . 
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[005 7] in addition, the small cell sending 

radio station 101 can adopt a configuration that 
can correspond to not only OFDM transmission but 
.l.o OFCDM . in this case, the small cell sending 
radio station 101 is further comprised of a 
reception quality measurement section 104 and a 
spread coefficient set up section 103 as shown 
with the dashed line in FIG . 3. Such a 
configuration will be described using FIG. 9B 
hereinafter. 

t 0058] Here, the configuration of the small 

cell sending radio station 101 will be described 
in more detail. 

100591 The configuration related to the 

transmission of OFDM signal in the small cell 
sending radio station 101 is shown in FIG. 9*. The 
sym bol synchronization detection section 105 shown 
in FIG.9A has such a configuration as the above 
m entioned in FIG, 8, wherein the symbol 
synchronization is derived from the received 
signal from a large cell sending radio station 
such that the symbol boundary of the signal from 
the large cell sending base station does not exist 
in the DFT interval of one symbol- 

[00 60] ' On the other hand, a sending carrier 
set up section 102A sets up a subcarrier to be 
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sent based on the number of sending carriers and 
the operating condition of the subcarrier given 
from the control signal from a control section 
(not shown). The symbol sequence, supposed to be 
sent by a sending radio station of a lower level 
cell (meaning a "sending radio station of a lower 
level cell in the hierarchical cell structure", 
and corresponding to the small cell sending 
station in FIG. 1), wili be serial/parallel (S/P) 
converted by a serial/parallel conversion section 
102B to the parallel data of all or a part of the 
number of the subcarrier based on the set up 
carrier information. Then, the symbol sequence 
converted to the parallel data will be 
time/frequency converted by inverse FFT (IFFT) 
processing by an IFFT section 102C, to multi- 
carrier components that are orthogonal in the 
frequency axis. ■ Finally, a guard interval is 
inserted into the symbol of each subcarrier 
converted to the multi-carrier by a guard interval 
(GI) insertion section 102D. The insertion of 
this guard interval is achieved by copying the 
signal waveform corresponding to the FFT samples 
of the last of each symbol or in the symbol 
sequence, to the top of each symbol. Then, the 
above mentioned GI insertion section 102D outputs 
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the modulated signal to a symbol transmission 
control section 102E, and the above mentioned 
symbol transmission control section 102E sends the 
modulated symbol sequence at the symbol 
synchronization timing that is outputted from the 
symbol synchronization detection section 105, 
[0061] A configuration related to the 

transmission of OFCDM signal in the small cell 
sending radio station 101 is shown in FIG.9B. The 
symbol synchronization detection section 105 shown 
in FIG. 9B has such a configuration as the above 
mentioned of FIG . 8, wherein the symbol 
synchronization is derived from the received 
signal from the large cell sending radio station 
such that no symbol boundary of the signal from 
the large cell sending base station exists within 
the DFT interval of one symbol. 

[0062] Moreover, the received signal from the 

large cell sending radio station is also inputted 
to a reception quality measurement section 104 
where the reception quality is measured. Based on 
the measured reception quality, a spread- 
coefficient set up section 103 judges whether the 
signal supposed to be sent by the sending radio 
station of a lower level cell is spread or not, 
and when having judged to be spread, the spread 
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coefficient will be set up, and the signal is 
outputted to a spread code generation section 102F, 
The spread code generation section 102F assigns 
the spread code from the spread coefficient set up. 
In addition, there can be applied a general spread 
code assignment or a method described in the 
Japanese patent laid-open gazette, Heisei 10- 
290211, whereby a different spread code is 
assigned for 'each user with a different 
transmission speed or all techniques for assigning 
the spread code. 

[0063] On the other hand, the symbol sequence 

(sending signal) supposed to be sent by the small 
cell sending radio station 101 is inputted to a 
multiplex section 102G, and pilot bits for the 
channel estimation are multiplexed by the 
multiplex section 102G. Moreover, the sending 
carrier set up section 102A sets Up the subcarrier 
to be sent, based on the spread coefficient from 
the spread-coefficient set up section 103 as well 
as the number of the sending carrier and the 
pperating condition of the subcarrier provided 
from the control section (not shown) «, The 
serial/parallel conversion section 102B 

serial/parallel (S/P) converts the above mentioned 
symbol sequence to the parallel data (all or a 
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part of the number of the subcarrier/ spread 
coefficient) based on the carrier information set 
up. The symbol sequence converted into the 
parallel data by the above mentioned 
serial/parallel conversion will be copied by a 
copy section 102H in the continuous subcarrier and 
time axis, from the relationship between the 
number of spread coefficients (SF) and the number 
of subcarrier. Specifically, when the spread 
coefficient SF is larger than the number of 
subcarrier, the symbol will be copied in the 
subcarrier and the time axis, and when the spread 
coefficient SF is smaller than the number of 
subcarrier, the symbol will be copied into a part 
of the subcarrier. At this time, the copy of the 
same symbols of SF pieces into the subcarriers can 
be implemented by repeatedly reading the symbol 
sequence that has been inputted into a memory. 
(0064] After that, the same symbol sequence of 

SF Pieces will be spread (scrambled) by a 
composing section 1021 according to the uniquely 
assigned spread code of the spread coefficient SF. 
Then, the dimension pertaining to FFT processing 
is determined according to the number of 
subcarriers that are inputted by means of the 
control signal, and the spread symbol sequence 
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corresponding to the number of subcarriers will be 
time/frequency converted by inverse FFT ( IFFT) 
processing by IFFT section 1Q2C, into the multi- 
carrier components orthogonal on the frequency 
axis. Finally, the guard interval is inserted in 
the symbol of each subcarrier that has been 
converted into the multi-carrier, by the guard 
interval insertion section 102D. The insertion pf 
this guard interval is implemented by copying the 
si gnal waveform corresponding to FFT samples of 
the last of each symbol or within the symboi 

i. 0 the top of each symbol. Then, the 
sequence, to tne ton v 

ab ove mentioned « insertion section 102D output, 
the modulated signal to the s»ao.l transmission 

in?F and the above mentioned 
control section 102E, ana 

symbol transmission control section 102E sends the 
modulated symbol sequence at the symbol 

• ~ t-v.ai- is outputted from the 
synchronization timing that, is oucp 

symbol synchronization detection section 105. 

[0065] Next, the configuration and the 

f ^ receiving radio station 111 will 
operation of the receivxny 

be described. 

C 0066] As shown in FIG. 3, in the receiving 

radio station 111, the signal from an antenna 16 
is inputted to a symbol timing detection section 
18 through a filter 112 which passes both the 
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frequency bands of the frequency band fl and the 
frequency band f 2 , and the symbol timing (the 
timing when FFT processing is carried out, and 
also called "FFT window timing") is detected from 
the received multi-carrier signal. 

[00 67] Although a case with two frequency 

bands of the frequency bands fl and f2 are 
described in the embodiment, such descriptive 
explanation can be adapted the case with three or 
more frequency bands. Moreover, the filter 112 is 
used in order to cut off the radio waves from 
other systems difficult of synchronization. The 
signals of the frequency band fl and the frequency 
band f2 having passed the filter 112 will be 
demodulated respectively, after DFT (Discrete 
Fourier Transform) processing of both the 
frequency bands together is carried out in the 
receiving section 15. The configuration of the 
receiving section 15 will be described using FIG. 
10A and FIG. 10B hereinafter. 

[0 068] Then, the signal demodulated by the 

receiving section 15 is outputted from a data 
output terminal 17. The data to be outputted at 
this time can be formed into the data to be 
transmitted by the frequency band fl only, the 
frequency band f2 only or the frequency bands fl 
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an 



d f2. Namely, since signals of a plurality of 
frequency bands can be simultaneously received 
according to the present invention, a smooth hand- 
over can be carried out. 

[0069] Moreover, even when the received power 

from a large cell sending radio station fluctuates 
more greatly relative to the received power from 
the small cell sending radio station, like the 
cases where a small cell sending radio station is 
installed in a mobile body like a train or a bus, 
and the inside of the mobile body is regarded as 
the cell of a small cell sending radio station, 
the interference can be reduced by carrying out 
the synchronization of the symbol as described 
above, whereby the signals from the large cell 
sending radio station and. the small cell sending 
radio station can be simultaneously demodulated. 
,[0070] Here, ■ the configuration of the 

receiving radio station 111 (especially, the 
receiving section 15) will be described in more 
detail. 

[0071] The configuration related to the 

transmission of OFDM signal in the receiving radio 
station 111 is shown in FIG. IDA. As shown in FIG. 
10A, the received signal from a large cell sending 
radio station is inputted to the symbol timing 
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detection section 18 through the filter 112 which 
passes both the frequency bands of the frequency 
band fl and the frequency band f2 (each frequency 
band fn in case of reception of three frequency 
bands or more from a large cell sending radio 
station), and the symbol timing (the timing when 
FFT processing is. carried out, and also called 
«FFT window timing") is detected from the received 
multi-carrier signal. The detection of this 
symbol timing can be carried out by the detection 
of the correlation between the guard interval 
length. A guard interval removal section 15A 
removes the signal of the guard interval from the 
symbol timing detected by the symbol timing 
detection section 18 as mentioned above. Then, 
Discrete Fourier Transform (DFT) is carried out, 
for the removed signal by an FFT section 15B at 
the estimated" FFT window timing, and then the 
signal is parallel/serial (P/S) converted into the 
parallel signal in a parallel/serial-conversion 
section 15G and inputted to a demodulation section 
15D. In addition, a demodulation section 15D can 
be constituted in such a manner as to select some 
signals from the signals of the plurality of 
carrier frequency bands pertaining to different 
transmission systems and demodulate the signals. 
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[0072] in addition, the purpose of the above 

mentioned filter 112 is to remove the signals of 
the frequency bands except for the signals of the 
plurality of frequency bands desired to be 
simultaneously received. However, in case of 
reception of signals from a specific sending radio 
station of the upper layer cell (meaning a 
"sending radio station of the upper layer cell in. 
the hierarchical cell structure-,. and 

corresponding to the large cell sending radio 
station in FIG. 1) , needless to say, signals 
except for the required frequency bands can be 
removed by selecting the frequency band of the 
signals from a specific, sending radio station. In 
this case, the filter 112 will «.t up the 
frequency bands to be filtered by means of the 
control signal from the control, section (not 
shown), wherein furthermore, the frequency band 
subject to FFT processing varies, so that the FFT 
processing of the required frequency bands can be 
carried out by notifying the FFT section 1SB of 
the dimension pertaining to the cross-correlation 
carried out by the above mentioned control signal. 
[0073] A configuration related to the 

transmission of OFCDM signal in the receiving 
radio station 111 is shown in FIG. 10B. As shown 
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in FIG. 10B, the received signal from the large 
cell sending radio station is inputted to the 
symbol timing detection section 18 through the 
filter 112 which passes both the frequency bands 
of the frequency band f 1 and the frequency band f 2 
(each frequency band fn in case of reception of 
three or more frequency bands the large cell 
sending radio station), and the symbol timing (the 
timing when FFT processing is carried out, and 
also called w FFT window timing") is detected from 
the received multi-carrier signal. The detection 
of this symbol timing can be carried out by the 
detection of the correlation between the guard 
interval length. The guard interval removal 

section 15A removes the signal of the guard 
interval from the symbol timing detected by the 
symbol timing detection section 18 as mentioned 
above. Then, Discrete Fourier Transform (DFT) is 
carried out to the removed signal by the FFT 
section 15B at the estimated FFT window timing, 
and the channel impulse response (channel 
fluctuation) of each subcarrier is estimated by a 
channel estimation section 15E by using a pilot 
symbol. An in-phase summation section 1SG carries 
out in-phase summation (namely, inverse spread) on 
the frequency axis, of OFCDM symbol of the 
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subcarrier component of SF pieces from the spread 
codes which has been used for the channel 
estimation value of each of this subcarrier and 
the spread, and thereby generates an information 
symbol sequence. The information symbols of the 
inverse spread (the total number of 

subcarriers/spread coefficient) pieces are 
parallel/serial (P/S) converted by a 

parallel/serial conversion section 15C, and 
inputted to the demodulation section 15D. In 
addition, the demodulation section 15D can be 
constituted in such a manner as to select some 
signals from the signals of a plurality of carrier 
frequency bands pertaining to different 
transmission systems and demodulate the signals. 
[0074] In addition, the purpose of the above 

mentioned filter 112 is to remove the signals of 
the frequency bands except for the signals of a 
plurality of frequency bands desired to be 
simultaneously received. However, in case of 
reception of signals from a specific sending radio 
station of the upper layer cell (meaning a 
"sending radio station of the upper layer cell in 
the hierarchical cell structure", and 

corresponding to the large cell sending radio 
station in FIG. 1), needless to say, signals 
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except for the required frequency bands can be 
removed by selecting the frequency band of the 
signals from a specific sending radio station. In 
this case, the filter 112 will set up the 
frequency bands to be filtered by means of the 
control signal from the control section (not 
shown), wherein furthermore, the frequency band 
subject to FFT processing varies, so that the FFT 
processing of the required frequency bands can be 
carried out by notifying the FFT section 15B of 
the dimension pertaining to the cross-correlation 
carried out by the above mentioned control signal. 
[0075] By the way, the processing in the 

sending radio station and the receiving radio 
station of the above-mentioned embodiment is also 
to be interpreted as the processing of a radio 
communications program executed by a computer 
provided in each radio station. Hereafter, the 
processing in the sending radio station (FIG. 11) 
and the processing in the receiving radio station 
(FIG. 12) will be described in due order. 
[0076] The outline of the processing in the 

sending radio station can be expressed as shown in 
FIG. 11. As shown in FIG. 11, the sending radio 
station monitors whether one or more carrier 
frequency band signals of a transmission system 
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other than that of the station of its own has been 
received or not (SOI: signal detection step), and 
when the reception of the carrier frequency band 
signal of a different transmission system is 
detected, the sending symbol synchronization will 
be detected from the received signal (S02: symbol 
synchronization detection step) . Then, based on 
the detected symbol synchronization, the symbol 
sending timing when the carrier frequency band 
signal pertaining, to the different transmission 
system and the signal from the station of its own 
do not interfere with each other, will be derived, 
and the signal to be sent at the symbol sending 
timing, will be sent (S03: signal sending step). 
t0077] on the other hand, regarding the 

receiving radio station, the following distinctive 
processing that is carried out when the station of 
its own moves into a small scale cell in the 
hierarchical cell structure, can be interpreted as 

. of a radio communications program, 
the processing 01 a 

As shown in FIG . 12, the receiving radio station 
registers an information indicating that the 
receiving radio station is ready for receiving the 
signal from the large cell sending radio station 
and ready for receiving the signal from a small 
cell sending radio station, to network data 
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transfer device (for example, a location 
registration management server which implements 
the location registration of a receiving radio 
station in the network, or a router in the network, 
or the like) (Sll: registration step). For 
example, the data transfer device selects the 
sending radio station, which sends the data 
according to the classification of the data to be 
sent to the receiving radio station. Thereby, the 
data transmission control corresponding to the 
classification of the data, can be carried out. 
For example, multicasting information is sent from 
a large cell sending radio station to the 
receiving radio station, and individual 

information of high, data rate such as image data 
is sent from a small cell sending radio station to 
the receiving radio station. Moreover, needless 
to say, such a judgment for the above-mentioned 
matter in such a manner that the selection of the 
sending radio station can be judged corresponding 
to the amount of data and the traffic 
characteristics (for example, in non-real time or 
real time), can be performed. Therefore, the 
invention is not limited to the above-mentioned 
embodiment . 

[0078] The receiving radio station which has 
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received the signals of such plurality of carrier 
frequency bands, simultaneously received the 
signals and demodulated the signals (312: 
simultaneous receiving step) . 

[0079] For example, as shown in FIG. 7, when 

the receiving radio station has moved into a place 
where the signal from a small cell sending radio 
station can be received, the receiving radio 
station will notify the above mentioned data 
transfer device of having moved into the cell of a 
small cell sending radio station #3, through a 
large cell sending radio station #1 or a small 
cell sending radio station #3. Thereby the 
receiving radio station can always receive the 
data from the large cell sending radio station and 
from the small cell sending radio station, when 
the receiving radio station is located in the cell 
of this small cell sending radio . station . 
[0 080] Accordingly, in the case of the 

transmission of the multicasting information which 
transmits the same information to a plurality of 
receiving radio stations located in a wide range 
of areas, the multicasting information can be sent 
from the large cell sending radio station, while 
in case of the transmission of a large capacity of 
information to a specific receiving radio station, 
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the large capacity of information can be 
independently sent from the small cell sending 
radio station, respectively. 

[0081] AS mentioned above, the processing in 

the sending radio station and the receiving radio 
station according to the embodiment can be 
interpreted as the processing of a radio 
communications program executed by a computer 
provided in each radio station. 

[0082] Next, the effect of the embodiment will 

be described using the figure of the spectrum from 
a large cell sending radio station and the 
spectrum from a small cell sending radio station 
after DFT in the receiving radio station of FIG. .5. 
[0083] The set up of the DFT interval in the 

receiving radio station is synchronized with the 
signal from the small cell sending radio station. 
Moreover, no guard band is provided between the 
frequency bands used by the large cell sending 
radio station and the frequency band used by the 
small cell sending radio station. Namely, the 
interval of all subcarrier frequencies is 
identical. Since the cell radius of the large 
cell is larger than the cell radius of the small 
cell, the Equivalent I so tropically Radiated Power 
(EIRP) of the large cell sending radio station is 
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larger than the EIRP of the small cell sending 
radio station. Therefore, in the receiving radio 
station located in the small cell which exists 
near the large cell sending radio station, as 
shown in FIG. 5, the radio wave from the large 
cell sending radio station is received with higher 
power. 

[008 4] The spectrum of a rectangle shape shown 

at the normalized frequency of 0 to 1 is the 
spectrum after DFT processing of the signal from 
the small cell sending radio station, while the 
spectrum of a rectangle shape shown at the 
normalized frequency of -1 to 0 is the spectrum 
after the DFT processing of the signal from the 
large cell sending radio station. Thus, it is 
understood that the amount of interference, which 
leaks into the frequency band used by the small 
cell sending radio station, can be reduced greatly 
by carrying out the synchronization according to 
the invention. Moreover, some occasional still 
remaining interference leaking into the frequency 
band despite of the synchronization carried out, 
is caused by the distortion of amplifiers. Since 
the interference caused by such distortion is 
equivalent to the state of increase in thermal 
noise, the interference can be reduced by carrying 
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out spread modulation to cope with the 
interference caused by the above-mentioned 
distortion. 

10085] In addition, there can be employed an 

embodiment, wherein there is provided a 
synchronization request means requesting the 
symbol synchronization from the sending radio 
station in a receiving radio station 'and a sending 
radio station carries out the symbol 
synchronization detection and the sending timing 
control triggered upon the request of the symbol 
synchronization from the synchronization request 
means of the receiving radio station. In such a 
embodiment like the above, since the receiving 
radio station can simultaneously receive the 
signals of a plurality of carrier frequency bands 
and demodulate the signals, the "change processing 
of frequency"- like in the prior-art at the time of 
the hand-over is not needed, whereby a smooth 
hand-over can be achieved. Moreover, since the 
guard band can be set small or can be made 
unnecessary, the frequency can be effectively 
utilized. Moreover, since signals from a 

plurality of sending radio stations can be 
simultaneously received, the multi-link 

transmission can be carried out. Moreover, new 
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sending radio stations can be freely arranged 

wit hout much ta.ing into consideration the 

influence of interference on other existing 

sending radio stations forming tne -all cell 

0 since the components for receiving of 
Furthermore, since ib« 

station can be shared, the 
the receiving radio station 

. i. ■ ~f t-he receiving radio 
reduction of capacity of the 

n aS the reduction of manufacturing 
station as well, as tne 

cost can be achieved. 

[M .„ Moreover. the sendln, radio station 

KMrii n, t o the. present invention i. not li»it.d 
to the .... station but can be a mobile station. 

. • >. » Dilutive network by 

When being applied to a per 

m<li ti-hop Connection between a plurality .t -brie 
stations, the synchronisation revest „e.ns of a 
„obiie station (corresponding fro, the receiving 

^he svmbol synchronization 
radio station) requests the symoo 

to enother mobile station (corresponding to the 
ending radio station, . and another »obiie station 
wiii carry out the sy»bol synchronisation 
section and sending ti»ing control. .hereby 

ao tono,ous sending tiding control between the 

„obiie stations can be achieved. 

l00871 Furthermore, the accuracy (stability) 

o£ the sy*d>ol synchronisation by the snail cell 
sending radio station is considered to be higher 
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than tha accuracy (stability) of the symbol 
synchronization by the receiving radio station, 
since the small ceil sending radio station rs 
fixedly installed, its antenna gain is higher than 
that at the receiving radio atation. and the 
installation environment of the antenna of the 
cell sending radio station is better than 
t „e installation environment of the antenna of the 
r aceivi„g radio atation. Moreover, it is assumed 
th at on relatively many occasions there will be a 
environment with better line of sight 
communication between the small cell sending radio 
station and the receiving radio station aa 
compared with that between the large cell sending 

receiving radio station, 
radio station and the receiving 

Kamely. 1« - — «— . ^ """" 

.stability) of the symbol synchronisation x» the 

receiving tadio station i, higher in the. case 

„nere the symbol synchronisation is carried out 

sssociated with the small ceil sending radio 

station. than in the case where the symbol 

• h». is carried out associated with the 
synchronisation is 

large cell sending radio station. 

too,,] Accordingly, it is assumed that the 

raceiving radio station can receive the aignals 
E rom the large cell sending radio atation more 
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stably by carrying out the symbol synchronization 
associated with the small cell sending radio 
station (namely, the symbol can be equivalently 
synchronized associated with the large cell, by 
the symbol synchronization associated with the 
small cell sending radio station) . 
[0089] [Second embodiment] 

Next, the second embodiment will be 
described using a view of the functional block 
configuration of the sending radio station and the 
receiving radio station of FIG. 6. This 
embodiment will be described as a case where a 
sending radio station uses a frequency band f 3 and 
another sending radio station uses a frequency 
band f4. The sending radio station can be applied 
to both a large cell sending radio station and a 
small cell sending radio station. Moreover, 
although the case wherein two frequency bands are 
used will be described, such descriptive 
explanation is also adapted to the case wherein 
three or more frequency bands are used. 
[0090] A sending section 202 of a sending 

radio station 201 and a sending section 202 of a 
sending radio station 221 will carry out the 
symbol synchronization for the sending symbols by 
means of the signal that is outputted from a 
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symbol synchronization reference source 230. 
Namely, the data inputted from the data input 
terminal 4 of the sending radio station 201 and 
the data inputted from the data input terminal 4 
f the sending radio station 221 will be sent such 
at the symbols thereof are synchronized with 
each other. As shown in FIG. 4, the 

ynchronization of the symbol at this time is 
carried out such that no symbol boundary of the 
signal to be sent by another sending radio station 
exists in the DFT interval of one symbol. The 
symbol synchronization reference source 230 shown 
in FIG. 6 (especially the part for sending a 
synchronization request signal to the sending 
section 202) corresponds to «a synchronization 
request means" according to the invention. 
Moreover, although the symbol synchronization 
reference is independently prepared in this 
description, there can be adopted a method other 
than this, wherein the symbol synchronization 
reference is prepared in either one of sending 
radio stations, and sending radio stations without 
tne symbol synchronization reference are 
synchronized with the sending radio station having 
the symbol synchronization reference. Moreover, 
there can be adopted a method, wherein there are 
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provided the symbol synchronization references in 
all the sending radio stations, and the symbol 
synchronization is carried out by means of mutual 
linking between the symbol synchronization 
reference of the station of its own and the symbol 
synchronization reference of other sending radio 
stations via a cable or radio. At this time, it 
is desirable that each sending radio station links 
with each other to set up such that the sending 
carrier frequency of the signal to be sent by each 
sending radio station becomes orthogonal to each 
other. Namely, when the sending radio station is 
equipped with a frequency interval detection means 
for detecting the frequency interval based on the 
received signal from another sending radio station, 
and a frequency set up means for setting up the 
sending carrier frequency, based on the detected 
frequency interval, so as to acquire an orthogonal 
relationship with respect to the sending carrier 
frequency of the sending radio station, the 
sending radio station can send signals at the 
optimum (namely, causing no interference with each 
other) symbol sending timing by the correlation 
between the carrier frequency band signal of a 
transmission system other than that of the own 
station and the signal of the station of its own. 
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n „f setting up the frequency will be 
An example of setting «f 

described afterwards. 

100911 The signal from the antenna 16 is 

inputted to the receiving section 15 through the 
fil ter 112 that passes both the frequency bands of 
th. frequency band f3 and the frequency band f4 *n 
tn e receiving radio station 211. Then, the signal 
th at is DFT transformed and demodulated by the 

Hnn 15 W ni be outputted from a data 
receiving section " wij-j. 

0 output terminal 17. The data to be outputted at 

transmitted by the frequency band » only, the 

^r,rf f4 only, or the frequency bands f3 
frequency band t« om-y, 

and f 4 . . 
[0 0 92 , The W-i.. effect. -1» >• 

by the application of this invention as described 
ab „,e in the first and the second embodiments. 
H.m.ly, the sending radio station can send signals 
at th . optimum .namely, causing no interference 
20 with each other, symbol sending timing by the 

^relation between the carrier frequency band 
signal of a transmission system other than that of 
the own station and the signal of the station of 
«. own. And the receiving radio station can 
simultaneously receive signals of a plurality of 
carrier frequency bands and demodulate the signals 
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Therefore, there .ill be no need to carry out the 
frequency switch over process" like in the prior 
act ,t the time of bend-over, thereby s smooth 
hand-over can be achieved, 

[00 „J Moreover, since the guard bend can be 

set U p small and can be made unnecessary, the 
frequency can be effectively utilised. Moreover, 
since signals from a plurality of sending radio 
stations can be simultaneously received, the 
molt i-U»K transmission ceu be carried out. 
Moreover, new sending radio stations can be freely 
errenged without much taking into considered 
t h. influence of interference on other existing 
.ending radio stations forming a small cell. 
Fur thermore, since the components for receiving of 
the receiving radio station which receive signals 
of the plurality of freguency bands, can be shared, 
tb . reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved. 

,0094, By the way. an example of setting up 

the fregueney will be described using Figs. 13-13B. 
The received signal from ether sending radio 
station such as a large cell sending radio station 
is multiplied with the signal from a local 
oscillator 317 by each of the multipliers 311A. 
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311B, and each multiplied signal is converted to 
the baseband signal (r„t 0 ) by each of the low- 
pass filters 312A, 312B (the [a/2) phase- converted 
signal is input into the multiplier 311B) . Each 
of the baseband signal <rx,r Q > is converted to the 
delayed baseband signal {r. lf x. Q ) by each of the 
delay devices 313A, 313B. Next, each of the non- 
delayed baseband signal (r I/ r Q ) and each of the 
delayed baseband signal (r.^r-o) are multiplied 
with each other and the multiplied signals are 
added. This transaction corresponds to the 

transaction for multiplying the complex conjugate 
of the delayed complex vector with the non-delayed 
complex vector. 

10095] Since part of the OFDM signal has been 

copied to the guard-interval part as shown in Fig. 
14A, when the multiplying timings are identical to 
each other (when the signal is multiplied with the 
part to which the signal has been copied) , the 
result will be a vector which does not fluctuate 
as time elapses on the complex plane as shown in 
Tig. 14B. Accordingly, at the integrators 314A, 
314B which integrate vectors for guard-interval 
length, the addition of the same vectors is done, 
so the length of the integrated vector will become 
larger than the pre-determined threshold. On the 
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other hand, when the multiplying timings are not 
identical to each other (when the signal is 
multiplied with the part other than the part to 
which the signal has been copied) , the result will 
be a vector which fluctuates as time elapses on 
the complex plane as shown in Fig. 14C. 
Accordingly, the integration for the vectors on 
the same phase is not done, so the length of the 
integrated vector will become smaller than the 
pre-determined threshold. The timing when the 
length of the integrated vector is larger than the 
threshold and the length is the maximum value, 
will be the symbol timing for DFT. 

[0096] But in case that the frequency of the 

local oscillator 317 is not identical to the 
frequency of every sub-carrier signal of the OFDM 
ignal, even if symbol timings are identical to 
ich other, the result will not be the vector 
which forms zero angle with I-axis as shown in Fig. 
15A, but will be the vector which forms Q [radian] 
angle with I-axis as shown in Fig. 1SB, because 
the phase rotates by the angle corresponding to 
the frequency difference at the DFT interval of 
one symbol set for the delay devices 313A, 31.3B. 
in Fig. 13, 6 [radian] will be gotten through the 
search for the relationship between 6 [radian] and 
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the amplitude for each integrated signal memorized 
by the Tan memory 315. And the frequency 
difference calculator 316 will make the difference 
value Af for different frequencies by the 
calculation according to the formula (1) described 
below. 

af [Hz]-(l/2n)x(e/T) (1) 

[0097] in this formula (1), Af [Hz ] means the 

minimum value of the difference between the 
frequency of the local oscillator 317 and the 
frequency of each sub-carrier signal of the OFDM 
signal, 9 [radian] means the angle of deviation of 
the integrated vector, and T[sec] means the 
delayed time (DFT interval of one symbol) set for 
the delay devices 313A, 313B. 

[0098] And the frequencies will be 

synchronized by amending the local oscillator 317 
for the difference between the frequencies 
detected. Since the status where the frequencies 
are synchronized is the status where the local 
oscillator 317 of the sending radio station itself 
synchronized with the sending frequency of the 
signal from other sending radio station, the 
relationship between the sending carrier 
frequencies of the signals from the sending radio 
stations proves to be an orthogonal relationship 
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by using the local oscillator 317 for the sending 
frequency of the signal which the sending radio 
station itself sends. - 

[0 099] in addition, the small cell sending 

ra dio station in the first and the second 

~=>r, a wireiess LAN, and can be 

embodiments can oe a Wllcxc 

other radio communications network in a small area. 
(0100] As described above, according to this 

invention, the sending radio station can send 
signals at the .optima* (namely, causing no 
interference with each other, symbol sending 
timing by the correlation between the carrier 
frequency band signal of a transmission system 
other than that of the station of its own and the 
signal of the station of its own. Accordingly, 
since the receiving radio station can 
simultaneously receive signals of a plurality of 
carrier frequency bands and demodulate the signals, 
there will be no need to carry out the "frequency 
switch over process" like in the prior art at the 
time of hand-over, thereby a smooth hand-over can 
be achieved. 

tOlOl] Moreover, since the guard band can be 

set small or can be made unnecessary, the 
frequency can be effectively utilized. Moreover, 
since signals from a plurality of sending radio 
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stations can be simultaneously received, the 
multi-link transmission can be carried out. 
Moreover, new sending radio stations can be freely 
arranged without much taking into consideration 
the influence of interference of other existing 
sending radio stations forming the small cell. 
Furthermore, since the components for receiving of 
the receiving radio station which receive signals 
of the plurality of frequency bands, can be shared, 
the reduction of capacity of the receiving radio 
station and the reduction of manufacturing cost 
can be achieved. 
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